t 4 




Europaisches Patentamt 
European Patent Office 
Offic u rope en des brevets 




(R) Publication number : 0 633 032 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(g) Application number : 94304603.7 
(22) Date of filing : 24.06.94 



@ int. ci. 6 : A61L 27/00, A61L 17/00 



(53) Priority : 25.06.93 JP 179798/93 
09.03.94 JP 65672/94 

(43) Date of publication of application : 
11.01.95 Bulletin 95/02 

(S) Designated Contracting States : 
DE FR GB SE 

(7j) Applicant : Sumitomo Electric Industries, Ltd. 
5-33, Kitahama 4-chome, Chuo-ku 
Osaka 541 (JP) 

@ Inventor : Miyake, Shinichi, c/o Osaka Works 
of 

Sumitomo Elec. Ind., Ltd., 
1-3, Shimaya 1-chome 
Konohana-ku, Osaka (JP) 



Inventor : Ito, Shlgehiko, c/o Osaka Works of 

Sumitomo Elec. Ind., Ltd., 

1-3, Shimaya 1-chome 

Konohana-ku, Osaka (JP) 

Inventor : Oka, Yumiko, c/o Osaka Works of 

Sumitomo Elec. Ind., Ltd., 

1-3, Shimaya 1-chome 

Konohana-ku, Osaka (JP) 

Inventor: Kambayashi, Jun-ichi 

59-12, Okuikeminami-cho 

Ashiya-shi, Hyogo-ken (JP) 

Inventor : Okahara, Kazuhlro 

1-6, Sakuranocho Nishi 1-chome 

Sakai-shi, Osaka (JP) 

@) Representative : Perry, Robert Edward et al 
GILL JENNINGS & EVERY 
Broadgate House 
7 Eldon Street 
London EC2M 7LH (GB) 



(54) Antibacterial vascular prosthesis and surgical suture. 



CM 
CO 



(57) An antibacterial vascular prosthesis obtained 
by winding a tube, fiber or sheet formed from a 
polymeric material and combined with an anti- 
bacterial substance on the outer surface of a 
vascular prosthesis composed of a tubular por- 
ous body formed of a synthetic resin is pro- 
vided. The antibacterial vascular prosthesis can 
exhibit an antibacterial activity over a long 
period of time without impairing the porous 
structure, antithrombo-genicity and histocom- 
patibility inherent in the vascular prosthesis 
composed of the tubular porous body formed of 
the synthetic resin. An antibacterial surgical 
suture comprising a tube or fiber formed from a 
polymeric material and combined with an anti- 
bacterial substance is also provided. 
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FIELD OF THE INVENTION 

The present invention relates to a vascular pros- 
thesis suitable for use as a substitute for an artery, 
vein or the like and a surgical suture, and more par- 
ticularly to a vascular prosthesis and a surgical su- 
ture, both, given with an antibacterial activity. 

BACKGROUND OF THE INVENTION 

Vascular prostheses composed of a tubular por- 
ous body formed of a synthetic resin such as polyte- 
trafluoroethylene (hereinafter abbreviated as 
"PTFE") or polyester are widely used in repair of cir- 
culation or for internal shunts upon dialysis. However, 
such vascular prostheses involve a serious problem 
that they tend to be infected with bacteria. More spe- 
cifically, the bacteria entered upon implantation of a 
vascular prosthesis, or the like are easy to proliferate 
on an artificial material such as the vascular prosthe- 
sis because an immune system, which is an innate 
protective system in the living body, is hard to normal- 
ly and sufficiently operate in such circumstances. In 
addition, tissue cells and intracellular substances 
damaged or destroyed by grafting, or blood coagula- 
tion occurred in the damaged site provide suitable 
proliferative sites for the entered bacteria. 

As methods for preventing the bacterial infection, 
for example, it has been conducted to sterilize a vas- 
cular prosthesis before its use, and to make a surgical 
field thoroughly sterile. However, the infection rate is 
considerably high as reported to be 1-5%. In order to 
treat an infectious disease, it is conducted to admin- 
ister one or more antibiotics. By this method, how- 
ever, it is difficult to topically exert their antibacterial 
effect on the site in which bacteria are grown. It has 
hence been only necessary to excise or remove the 
vascular prosthesis once it has become infected. 

As methods for protecting a vascular prosthesis 
from bacterial infection, there have heretofore been 
proposed various methods in which an antibacterial 
activity is imparted to the vascular prosthesis itself. 
For example, there have been proposed (1) a vascu- 
lar prosthesis obtained by applying or depositing a sil- 
ver-antibiotic complex on a porous structure formed 
of PTFE or polyester [A I. Benvenisty et al., J. Surgi- 
cal Research, 44, 1 -7 (1988)], and (2) a vascular pros- 
thesis obtained by coating a PTFE or polyester mate- 
rial with a surfactant and then bonding an antibiotic to 
the surfactant by ionic bonding [W. B. Shue et al., J. 
Vascular Surgery, 8, 600-605 (1988)]. However, 
these methods have involved problems that it is im- 
possibl to last the antibacterial effect of the antibiotic 
over a long period of time until peripheral tissues in- 
cluding the interior of the wall of th vascular prosthe- 
sis become healed because the amount of the antibi- 
otic combined is small, and that the antibiotic and sur- 
factant pr sent in the wall and on the inner wall sur- 



face of the vascular prosthesis impair the innate an- 
tithrombogenicity and histocompatibility in the vascu- 
lar prosthesis. 

In addition to the above methods, there have 
5 been proposed (3) methods in which a mixture of a 
biopolymer such as glucosaminoglycan-keratin or 
collagen and an antibiotic is applied onto the inner 
wall or outer surface of a vascular prosthesis [K. R. 
Sobinsky etal., Surgery, 100, 629-634 (1986), and M. 
10 D. Colburn et al., J. Vascular Surgery, 16, 651-660 
(1 992)]. According to these methods, the amount of 
the antibiotic to be combined can be increased, and 
the release rate of the antibiotic can be controlled. 
However, the methods have involved, in addition to a 
15 problem that the antibiotic and biopolymer present in 
the wall and on the inner wall surface of the vascular 
prosthesis impair the innate antithrombogenicity and 
histocompatibility in the vascular prosthesis, a prob- 
lem that since the porous structure within the wall of 
20 the vascular prosthesis is f illed with the biopolymer, 
the penetration of living tissues through the outer and 
inner walls is not caused to progress, and so the heal- 
ing of the vascular prosthesis is not performed. 



25 



OBJECTS AND SUMMARY OF THE INVENTION 



It is an object of the present invention to provide 
an antibacterial vascular prosthesis capable of exhib- 
iting an antibacterial activity over a long period of time 
30 without impairing the porous structure, antithrombo- 
genicity and histocompatibility inherent in a vascular 
prosthesis composed of a tubular porous body 
formed of a synthetic resin. 

Another object of the present invention is to pro- 
35 vide an antibacterial surgical suture. 

The present inventors have carried out an exten- 
sive investigation with a view toward overcoming the 
above-described problems involved in the prior art. As 
a result, it has been found that the above object can 
40 be achieved by winding a tube, fiber or sheet com- 
posed of a polymeric material and combined with an 
antibacterial substance on the outer surface of a vas- 
cular prosthesis. 

The tube, fiber or sheet combined with the anti- 
45 bacterial substance may be produced by impregnat- 
ing with and/or depositing the antibacterial substance 
or a mixture of the antibacterial substance and a bio- 
degradable polymer into and/or on the whole or parts 
of the pores, inner surface and outer surface of a por- 
50 ous tube, fiber or sheet formed from a polymeric ma- 
terial. The tube, fiber or sheet combined with the an- 
tibacterial substance may also be formed from a mix- 
ture of a biodegradable polymer and an antibacterial 
substance. 

55 Since the tube, fiber or sheet combined with the 

antibacterial substance is wound on the outer surface 
of the vascular prosthesis with a desired space, the 
porous structure of the vascular prosthesis is not inv 
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paired, and besides the functions of the vascular 
prosthesis, such as antithrombogenicity and histo- 
compatibility are not impeded. The antibacterial sub- 
stance can be gradually released over a long period 
of time from the tube, fiber or sheet combined with 5 
the antibacterial substance. The antibacterial sub- 
stance gradually released in the vicinity of the outer 
surface of the vascular prosthesis inhibits the growth 
of bacteria attached to the vascular prosthesis over a 
long period of time. Of these tube, fiber and sheet 10 
combined with the antibacterial substance, the tube 
or fiber may be used as an antibacterial surgical su- 
ture by itself. 

The present invention has been led to completion 
on the basis of these findings. is 

According to the present invention, there is thus 
provided an antibacterial vascular prosthesis ob- 
tained by winding a tube, fiber or sheet formed from 
a polymeric material and combined with an antibac- 
terial substance on the outer surface of a vascular 20 
prosthesis composed of a tubular porous body 
formed of a synthetic resin. 

According to the present invention, there is also 
provided an antibacterial surgical suture comprising a 
tube or fiber formed from a polymeric material and 25 
combined with an antibacterial substance. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 diagrammatical I y illustrates the amount of 30 
an antibacterial substance released with time from an 
antibacterial vascular prosthesis obtained in an ex- 
ample of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 35 

The present invention will hereinafter be descri- 
bed in detail. 

Tubular porous body 40 

In the present invention, a tubular porous body 
formed of a synthetic resin is used as a vascular pros- 
thesis. Examples of the synthetic resin from which the 
vascular prosthesis is formed may include polytetra- 45 
fluoroethylene, polyester, polyurethane, polyethy- 
lene, polypropylene, pdysiloxane and the like. 

No particular limitation is imposed on the process 
for producing the tubular porous bodies from these 
synthetic resin materials. They may be produced in 50 
accordance with a process known per se in the art ac- 
cording to the material used. For example, a tubular 
porous body made of PTFE can be produced in accor- 
dance with the process described in Japanese Patent 
Publication No. 13560/1967. More specifically, a liq- 55 
uid lubricant is first mixed into unsintered PTFE pow- 
der, and the mixture is extruded through a ram ex- 
truder into a tubular form. The tube Is stretched at 



least in its axial direction after removing liquid lubri- 
cant from th tube or without removing the liquid lu- 
bricant Both ends of the tube are then fixed so as to 
prevent it from shrinking, and the tube is heated from 
both inner and outer sides thereof at 327°C which is 
a sintering temperature of PTFE, or higher, thereby 
obtaining a tubular PTFE porous body having a fine 
fibrous structure composed of fibers and knots joined 
to each other by the fibers. 

When a continuous temperature gradient is given 
between the inner and outer surfaces of the PTFE 
tube upon the sintering in such a manner that the tem- 
perature of the outer surface is higher than that of the 
inner surface by 50-300°C, the fiber-knot structure is 
rearranged from the inner surface of the tube to the 
outer surface, so that portions whose fibers are more 
stretched than those before the treatment and hence 
made longer, and portions whose fiber are made 
shorter than those before the treatment are obtained. 

Besides, when portions of the PTFE tube after 
the stretching are heated further at a temperature of 
327°C or higher In accordance with the process de- 
scribed in Japanese patent Publication N . 
1656/1983 or Japanese Patent Application Laid- 
Open No. 76648/1980, a tubular PTFE porous body 
excellent in strength in the direction perpendicular to 
the stretching direction can be produced. 

Tube, fiber and sheet combined with antibacterial 
substance 

The tube, fiber or sheet combined with the anti- 
bacterial substance can be produced by (1 ) a process 
in which an antibacterial substance is mixed and dis- 
persed in a polymeric material, and the resulting mix- 
ture is formed into a tube, fiber or sheet, (2) a process 
in which an antibacterial substance is impregnated 
into and/or deposited on a porous tube, fiber or sheet 
formed from a polymeric material, (3) a process in 
which a mixture of a biodegradable polymer and an 
antibacterial substance is impregnated into and/or 
deposited on a porous tube, fiber or sheet formed 
from a polymeric material, or the like. 

In the process in which the mixture of the poly- 
meric material and the antibacterial substance is 
formed into the tube, fiber or sheet, the tube, fiber or 
sheet may preferably be made porous. 

In the process in which the antibacterial sub- 
stance or the mixture of the biodegradable polymer 
and the antibacterial substance is impregnated into 
and/or deposited on the porous tube, fiber or sheet 
formed from the polymeric material, the antibacterial 
substance or the mixture of the biodegradable poly- 
mer and the antibacterial substance is impregnated 
into and/or deposited on the inner and outer surfaces 
of the porous tube, the outer surface of the porous fib- 
er, the outer surface of the porous sheet and the inner 
surfaces defining pores in thes porous bodies. The 
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impregnation and/or deposition may be performed to 
the whole or parts of the pores, inner surface and out- 
er surface of the porous tube, fiber or sheet. The an- 
tibacterial substance or the mixture of the biodegrad- 
able polymer and the antibacterial substance may be 
only impregnated into the pores in the porous body 
and deposited on the inner surfaces defining the 
pores in the porous body. In this invention, the term 
"impregnation" means that the antibacterial sub- 
stance or the mixture of the biodegradable polymer 
and the antibacterial substance is impregnated into 
void spaces (i.e., pores) in the porous body to hold it 
therein. On the other hand, the term "deposition" 
means that the antibacterial substance or the mixture 
of the biodegradable polymer and the antibacterial 
substance is deposited on the inner surface (in the 
case of the porous tube) and outer surface of the por- 
ous body and the inner surfaces defining the pores in 
the porous body. In fact, both impregnation and de- 
position often take place. 

Examples of the polymeric material from which 
the porous tube, fiber or sheet is formed may include 
synthetic polymeric materials such as potytetraf luoro- 
ethylene, tetrafluoroethylene-hexafluoropropylene 
copolymers, polyester, polyurethane, polyethylene 
and polypropylene. Besides, as the polymeric mate- 
rial, may be used biodegradable polymers (biotrans- 
formable polymers) such as agarose, dextran, poly- 
lactic acid, gelatin, fibrinogen, chitin and chitosan. 

No particular I imitation is imposed on the process 
for producing the porous tubes, fibers or sheets from 
these synthetic resin materials. For example, in the 
case where PTFE is used as a polymeric material, a 
porous tube may be produced in the same manner as 
in the tubular PTFE porous body in the vascular pros- 
thesis described above. Following the process descri- 
bed in Japanese Patent Publication No. 18977/1990, 
PTFE containing a liquid lubricant may be formed into 
a fine rod. After removing the liquid lubricant, the rod 
may be stretched in its longitudinal direction into a 
porous fiber. Alternatively, a porous sheet may be 
produced in accordance with the process described in 
Japanese Patent Publication No. 3842/1985. Similar- 
ly, a porous tube may be formed by producing a por- 
ous thin-film material composed of PTFE in advance, 
winding the thin-film material on a metallic wire to fix 
it and then integrally sintering the thin-film material 
under heat 

No particular limitation is also imposed on the 
process for producing the porous tubes, fibers or 
sheets from the biodegradable polymers. Examples 
thereof may include (1 ) a process for producing a tube 
composed of a biodegradable polym r, in which a sol- 
ution of the biodegradable polymer is coated on the 
outer wall surface of a tube made of a suitable mate- 
rial to dry th polymer, and the tube situated inside 
the biodegradable polymer is then drawn out in this 
state, (2) a process for forming a fib r, in which a sol- 
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ution of a biodegradable polymer is filled into the bore 
of a tube made of a suitable material to dry the poly- 
mer, and the dried polymer is then drawn out of the 
tube, and (3) a process in which a solution of a bio- 
5 degradable polymer is spread on a flat plate made of 
a suitable material, and the polymer is then dried. 

In the process for producing the tube, fiber or 
sheet from the mixture of the polymeric material and 
the antibacterial substance, it is preferable that the 
10 biodegradable polymer be used as the polymeric ma- 
terial. In this case, when a mixed solution obtained by 
mixing a solution of the biodegradable polymer and 
the antibacterial substance in advance is used in the 
above-described production process of the tube, f ib- 
is er or sheet composed of the biodegradable polymer, 
the antibacterial substance can be evenly dispersed 
in the biodegradable polymer, whereby the antibac- 
terial substance can be dispersed and fixed in the bio- 
degradable polymer in the form of a tube, fiber or 
20 sheet after drying the polymer. The antibacterial sub- 
stance may bond to the biodegradable polymer by 
ionic bonding. As a solvent, there is generally used an 
organic solvent which does not decompose the biode- 
gradable polymer and antibacterial substance. The 
25 tube, fiber or sheet composed of the biodegradable 
polymer is preferably made porous. The tube, fiber or 
sheet composed of the biodegradable polymer and 
combined with the antibacterial substance in accor- 
dance with this process can gradually release the an- 
30 tibacterial substance over a long period of time. 

In the method of impregnating with and/or depos- 
iting the antibacterial substance into and/or on the 
porous tube, fiber or sheet formed from the polymeric 
material, it is only necessary to immerse the porous 
35 tube, fiber or sheet in a solution with the antibacterial 
substance dissolved therein and then dry the porous 
body. By this method, the antibacterial substance can 
be impregnated into and/or deposited on the whole or 
part of the pores, inner surface and outer surface of 
40 the porous body. 

In order to control the release of the antibacterial 
substance over a long period of time, it is preferable 
that a mixture of the biodegradable polymer and the 
antibacterial substance be impregnated into and/or 
45 deposited on the porous tube, fiber or sheet formed 
from the polymeric material. In this method, it is only 
necessary to immerse the porous tube, fiber or sheet 
in a mixed solution of the biodegradable polymer and 
the antibacterial substance and then dry the porous 
so body. By this method, the antibacterial substance 
evenly dispersed in the biodegradable polymer can 
be impregnated into and/or deposited on the whole or 
part of the pores, inner surface and out r surface of 
the porous body. In this case, the abov -mentioned 
55 various biodegradable polymers may be used as the 
biodegradable polymer. As a solvent, there is gener- 
ally used a volatile organic solvent which can enter 
void spaces in the porous body and does not decom- 
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pose the biodegradable polymer and antibacterial 
substance. 

As the antibacterial substance, may be used an- 
tibiotics such as p-lactam, aminoglycoside, chloram- 
phenicol, tetracycline, macrolide and I i neomycin and 
heavy metals such as silver compounds. These sub- 
stances may be used either singly or in any combin- 
ation thereof. 

The tube, fiber or sheet combined with the anti- 
bacterial substance is wound on the outer surface of 
the vascular prosthesis. However, it is wound with a 
desired space, not on the whole outer surface, so that 
the porous structure of the vascular prosthesis is not 
impaired. It is desirable that the outer diameter (size) 
of the tube or fiber combined with the antibacterial 
substance, or the thickness and width of the sheet 
combined with the antibacterial substance be smaller 
than the outer diameter of the vascular prosthesis, for 
example, about a half or smaller, preferably about a 
third or smaller, more preferably about a fourth or 
smaller of the outer diameter of the vascular prosthe- 
sis. 

The release rate of the antibacterial substance Is 
basically determined by the diffusion rate in the hu- 
mor in which the antibacterial substance exudes after 
the implantation of the antibacterial vascular prosthe- 
sis according to the present invention. However, it 
may be controlled by selecting the pore size, porosity, 
wall thickness, size or width of the porous tube, fiber 
or sheet combined with the antibacterial substance, 
the kind of the biodegradable polymer, the composi- 
tional ratio of the biodegradable polymer to the anti- 
bacterial substance, the bonding between the biode- 
gradable polymer and the antibacterial substance, 
the winding pitch on the vascular prosthesis of the 
tube, fiber or sheet, or the like. The combined amount 
of the antibacterial substance can be suitably deter- 
mined. According to the present invention, however, 
it is possible to combine the antibacterial substance 
in a comparatively great amount compared with the 
conventional methods in which the antibacterial sub- 
stance is bonded to the vascular prosthesis itself be- 
cause the antibacterial substance is combined with 
the tube, fiber or sheet composed of the polymeric 
material. It is therefore possible to combine the anti- 
bacterial substance in an amount sufficient to gradu- 
ally release it until an immune system normally oper- 
ates in vivo after the implantation of the vascular 
prosthesis. The amount can be experimentally deter- 
mined from the kind and release rate of the antibac- 
terial substance, and the like by those skilled in the 
art. 

Since the antibacterial substance and the tube, 
fiber or sheet combined with the antibacterial sub- 
stance exist only on the out r surface of the vascular 
prosthesis, they do not directly contact with the blood 
stream. Therefore, the innate antithrombogenicity in 
the vascular prosthesis is not impaired. According to 



the antibacterial vascular prosthesis of the present in- 
vention, the antibacterial substance released exists 
only on the outer surface of the vascular prosthesis 
or in its wall in the vicinity of the outer surface. There- 

5 fore, the histocompatibility of the vascular prosthesis 
is not impaired. Besides, since the porous structure 
of the vascular prosthesis is maintained, the penetra- 
bility of living tissues through the vascular prosthesis 
is kept good, and so the healing process is also not 

10 inhibited. 

After the implantation of the antibacterial vascu- 
lar prosthesis according to the present invention, the 
antibacterial substance is released near the outer 
surface of the vascular prosthesis. In this case, the 

15 antibacterial substance is gradually released over a 
long period of time owing to such that a sufficient 
amount of the antibacterial substance can be com- 
bined with the tube, fiber or sheet, and that such a 
combination of the antibacterial substance permits 

20 the control of release rate. The gradual release of the 
antibacterial substance allows the antibacterial sub- 
stance to inhibit the growth of bacteria attached to the 
outer surface of the main vascular prosthesis over a 
long period of time. Meanwhile, the innate immune 

25 system in the living body comes to fully operate, and 
the tissues penetrates into the main vascular prosthe- 
sis, so that the healing is caused to progress. 

The tube or fiber according to the present inven- 
tion, which has been formed from the polymeric ma- 

30 terial and combined with the antibacterial substance, 
is also useful in applying to a surgical suture by itself. 
An incision site upon surgery has the highest possi- 
bility of being the source of infection. However, the 
use of the surgical suture composed of the tube orf ib- 

35 er combined with the antibacterial substance in such 
a site permits inhibiting the growth of the bacteria at- 
tached to the incision site as the source of infection 
over a long period of time because the antibacterial 
substance is gradually released over a long period of 

40 time. 

ADVANTAGES OF THE INVENTION 

According to the present invention, there is pro- 
45 vided an antibacterial vascular prosthesis capable of 
exhibiting an antibacterial activity over a long period 
of time without impairing the porous structure, antith- 
rombogenicity and histocompatibility inherent in a 
vascular prosthesis composed of a tubular porous 
so body formed of a synthetic resin. 

The present invention also provides an antibac- 
terial surgical suture capable of exhibiting an antibac- 
terial activity over a long period of time. 

55 EMBODIMENTS OF THE INVENTION 

Th present invention will hereinafter be descri- 
bed more specifically by the following examples. 
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However, it should be borne in mind that this invention 
is not limited to and by these examples only. 

Example 1: 

One gram of ofloxacin (antibiotic, product of 
Daiich Seiyaku Co., Ltd.) was suspended in 10 ml of 
a 1% solution of polylactic acid (molecular weight: 
50,000, product of Polyscience Co.) in dioxane (prod- 
uct of Wako Pure Chemical Industries, Ltd.) which 
had been prepared in advance. 

After a tape obtained by cutting a porous PTFE 
sheet (LUP-300, product of Sumitomo Electric Indus- 
tries, Ltd.) into a width of 5 mm was spirally wound at 
the pitch of 2.5 mm on a stainless steel rod 1 mm in 
outer diameter, both ends of the tape were fixed to the 
rod, followed by heating of the tape at a temperature 
not lower than the melting point of PTFE to integrally 
sinter the tape, thereby forming the tape in the form 
of a tube. The stainless steel rod was then drawn out 
of the tube. 

The porous PTFE tube thus obtained was im- 
mersed in the above-prepared mixed solution of 
ofloxacin and polylactic acid in dioxane to sufficiently 
penetrate the solution into the wall of the porous 
body. The thus-treated tube was then air-dried. This 
procedure was repeated 3 times, whereby the mix- 
ture of polylactic acid and ofloxacin was impregnated 
into the wall and deposited on the inner surface of the 
tube to obtain a composite tube. 

The thus-obtained tube combined with ofloxacin 
and polylactic acid was lightly immersed in a 1% sol- 
ution of polylactic acid in dioxane to wash out polylac- 
tic acid and ofloxacin present on the outer surface of 
the tube and at the same time, soften the tube as a 
whole. Thereafter, the tube was wound at a pitch of 5 
mm on a stretched PTFE vascular prosthesis (Tech- 
nograft, product of Sumitomo Electric Industries, 
Ltd.) 4 mm across and 5 cm long and then air-dried. 

Both ends of the thus-obtained antibacterial vas- 
cular prosthesis were separately connected to a sili- 
cone tube, and a PBS solution (phosphate buffered- 
saline solution) was caused to flow at a rate of 10 
ml/min through the bore of the tube by a peristaltic 
pump. At the same time, only the part of the vascular 
prosthesis was immersed in the same PBS solution 
as described above in a beaker to determine whether 
ofloxacin was dissolved out of the inner surface and 
outer surface of the vascular prosthesis by the meas- 
urement of absorbance at 280 nmof the PBS solution. 
As a result, no dissolving-out of ofloxacin from the in- 
ner surface of the vascular prosthesis was detected. 
As illustrated in FIG. 1, however, ofloxacin was grad- 
ually being released from the outer surface of the vas- 
cular prosthesis even after 48 hours. 

Th antibacterial activity against Escherichia coli 
(JM109) of the antibacterial vascular prosthesis ob- 
tained above was evaluated. On an agar LB medium 



(1% bactotryptone, 0.5% yeast extract, 0.5% com- 
mon salt, 1.5% agar) on a plate 10 cm across, were 
spread 10 4 cells of Escherichia coli . The antibacterial 
vascular prosthesis 1 cm long was left at rest in the 

5 center of the medium, and the cells were then cul- 
tured at 37°C for 18 hours. As a result, no proliferation 
of Escherichia coli was observed within a radius of 22 
mm from the antibacterial vascular prosthesis. It was 
hence confirmed that the antibacterial vascular pros- 

10 thesis according to the present invention has excel- 
lent antibacterial activity. 

Example 2: 

15 A tube combined with ofloxacin and polylactic 

acid, which had been produced in the same manner 
as in Example 1, was wound 75 mm in length on a 
stretched PTFE vascular prosthesis (Technograft) 4 
mm across and 5 cm long. The thus-obtained compo- 

20 site vascular prosthesis was implanted under the 
back skin of a rabbit (New Zealand White, male). After 
a week, the back was incised to take the prosthesis 
sample out of the back. The sample was evaluated in 
the antibacterial activity against Escherichia coli 

25 (JM109) in the same manner as in Example 1. As a 
result, no proliferation of Escherichia coli was ob- 
served within a radius of 17 mm from the sample. It 
was hence confirmed that the antibacterial vascular 
prosthesis according to the present invention has ex- 

30 cellent antibacterial activity even in the living body. 
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Claims 

1. A vascular prosthesis comprising a tubular por- 
ous body formed of a synthetic resin and, wound 
around the body, a tube, fibre or sheet formed 
from a polymeric material and combined with an 
antibacterial substance. 

2. A prosthesis according to claim 1, wherein the 
polymeric material is porous. 

3. A prosthesis according to claim 1 or claim 2, 
wherein the polymeric material is polytetraf luoro- 
ethylene or a tetrafluoroethylene-hexafluoropro- 
pylene copolymer, and/or the synthetic resin is 
polytetrafluoroethylene. 

4. A prosthesis according to any preceding claim, 
wherein the polymeric material is or includes a 
biodegradable polymer. 

5. A prosthesis according to claim 4, wherein the 
biodegradable polymer is selected from agarose, 
dextran, polylactic acid, gelatin, fibrinogen, chitin 
and chitosan. 
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6. A prosthesis according to any preceding claim, 
wherein the antibacterial substance is an antibi- 
otic or a heavy metal, e.g. a p-lactam, aminogly- 
coside, chloramphenicol, tetracycline, macrolide, 
lincomycin or a silver compound. 5 

7. A prosthesis according to any preceding claim, 
which includes a space between the tube, fibre 
or sheet and the outer surface of the body. 

10 

8. A prosthesis according to any preceding claim, 
wherein the outer diameter, size or thickness and 
width of the tube, fibre or sheet respectively, 
combined with the antibacterial substance, is/are 
smaller, e.g. 50% or less, than the outer diameter 1 5 
of the body. 



9. A surgical suture comprising a tube or fibre 
formed from a polymeric material and combined 
with an antibacterial substance. 20 



10. A suture according to claim 9, wherein the poly- 
meric material and the antibacterial substance 
are as defined in any of claims 2 to 6. 

25 
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